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Abstract
We compute the SUSY effective hamiltonian that describes the |∆S| = 1 semilep-
tonic decays of tau leptons. We provide analytical expressions for supersymmetric
contribution to τ → us¯ντ transition in mass insertion approximation. We show that
SUSY contributions may enhance the CP asymmetry of τ → Kπντ decays by several
orders of magnitude than the standard model expectations. However, the resulting
asymmetry is still well below the current experimental limits obtained by CLEO
collaborations. We emphasize that measuring CP rate asymmetry in this decay
larger than 10−6 would be a clear evidence of physics beyond the supersymmetric
extensions of the standard model.
1 Introduction
Strangeness-changing tau lepton decays play an important role in testing the dy-
namics of |∆S| = 1 weak interactions [1] . Determination of basic parameters of the
Standard Model (SM) and tests of fundamental symmetries can be done using such
tau decays. For instance, measurements of the spectral functions of tau decays into
strange mesons have been used recently to obtain information on the mass of the
strange quark and on the Vus CKM matrix element [2]. Furthermore, searches for
CP violation effects in the double kinematical distributions of τ± → KSπ±ντ decays
have been performed recently by the CLEO Collaborations [3]. These exclusive de-
cays can be used to provide further tests on the violation of the CP symmetry [3–6].
A ‘known’ CP rate asymmetry of O(10−3) has been pointed out to exist between
τ− → KL,Sπ−ντ and their CP conjugate decays [5]. On the other hand, within the
SM, the CP rate asymmetry turns out to be negligibly small (of order 10−12) in
τ± → K±π0ντ decays [6], opening a large window to consider the effects of New
Physics contributions.
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Supersymmetry (SUSY) is one of the most interesting candidates for physics
beyond the SM. In SUSY models there are new sources of CP and flavor violation
that may lead to significant impacts on the CP asymmetries of τ -decays. In this
paper we analyze SUSY contributions to the CP violating effects in τ → Kπντ
decays. We consider the effects due to the chargino and neutralino exchanges by
using the mass insertion approximation (MIA) which is a very effective tool for
studying SUSY contributions to flavor changing neutral current processes (FCNC)
in a model independent way. We take into account all the relevant operators involved
in the effective Hamiltonian for |∆S| = 1 τ decays and provide analytical expression
for the corresponding Wilson coefficients.
The elementary process underlying |∆S| = 1 decays is τ− → su¯ντ . The lowest
order contribution to this decay in the SM is mediated by the exchange of a single
W− boson, which is Cabibbo suppressed. We consider in this paper the higher order
effects induced by supersymmetry in the effective Hamiltonian to describe this low-
energy process. The observable effects induced in some of the dominant |∆S| = 1
exclusive processes are considered. The main focus of our paper is to provide an
specific mechanism to generate CP-violating couplings in the scalar form factor of
τ → Kπντ decays as studied by the CLEO collaboration in [3].
This paper is organized as follows. In section 2 we briefly review the SM con-
tribution to the |∆S| = 1 τ decays. As pointed out before, the resulting CP rate
asymmetry in τ± → K±π0ντ is negligible. Moreover, we show that this result re-
mains intact in the case of minimal extension of the SM with right handed neutrinos.
In section 3 we derive the SUSY effective hamiltonian for the τ− → su¯ντ transitions.
In Section 4 we consider the effects of SUSY contributions on the branching ratios of
two dominant exclusive |∆S| = 1 decays, namely τ− → K−ντ and τ− → (Kπ)−ντ .
Section 5 is devoted for analyzing the SUSY contributions to the CP asymmetry
in τ → Kπντ decay. We show that within SUSY models, one can generate the
CP asymmetry, however it is below the experimental limits. Finally, we give our
main conclusions in section 6. We have also included an Appendix to provide the
complete expressions of the Wilson coefficients derived from SUSY.
2 |∆S| = 1 τ decays in the Standard Model
Strangeness-changing |∆S| = 1 decays of tau leptons are driven by the τ− → u¯sντ
elementary process. In the SM they occur at the tree-level, as shown in Fig. 1. The
SM effective Hamiltonian underlying these decays is given by
HSM = GF√
2
Vus(ν¯τγ
µLτ)(s¯γµLu) , (1)
where Vus is the us¯ Cabibbo-Kobayashi-Maskawa (CKM) matrix element and L,R =
1 ∓ γ5. The amplitudes for the dominant exclusive processes derived from this
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Figure 1: SM tree-level contributions to τ− → u¯sντ transition.
Hamiltonian are:
ASM (τ−(p)→ K−(q)ντ (p′)) = iGF√
2
VusfKmτr (2)
ASM
(
τ−(p)→ K(q)π(q′)ντ (p′)
)
= i
GF√
2
VusCK
[
fV (t) Q
µ ν¯(p′)γµLτ(p)
+ mτ fS(t) r
]
(3)
where letters within parenthesis denote the momenta of the particles, fK is the K
−
decay constant, t = (q+q′)2 is the square of the momentum transfer, CK = 1(1/
√
2)
for K0π−(K−π0) state, r = ν¯(p′)Rτ(p), ∆2 = m2K −m2pi, and
Qµ = (q − q′)µ − ∆
2
t
(q + q′)µ . (4)
In the SM, the two-body decay of Eq.(2) is a clean prediction if one uses fK ≃
159.8 MeV from K− → µ−νµ decay [8]. Since New Physics can affect τ → Kν
and K → µν decays in a non-universal way, these decays can be used to obtain
interesting bounds on new physics couplings.
On the other hand, the three-body decay of Eq.(3) can exhibit eventually the
effects of CP violation [3–6]. However, the decay rate of this process is given by [7]
Γ (τ → Kπντ ) = G
2
Fm
5
τ
768π3
|Vus|2 ISM , (5)
where
ISM =
1
m6τ
∫ m2τ
(mK+mpi)2
dt
t3
(
m2τ − t
)2 [|fV |2(1 + 2t
m2τ
)
[λ(t,m2K ,m
2
pi)]
3/2
+ 3|fS |2∆4[λ(t,m2K ,m2pi)]1/2
]
. (6)
The function λ(x, y, z) is given by λ(x, y, z) = x2+y2+z2−2xy−2xz−2yz. It is clear
from the expression of Γ(τ → Kπντ ) that within the SM, the direct CP asymmetry
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identically vanishes. As is well known, a necessary condition to generate a CP
rate asymmetry is that at least two terms of the amplitude for a given physical
process have different weak and strong phases. However, in the SM the relative
weak phase between the scalar fS and the vector fV form factors of τ → Kπν is
zero. Furthermore, since the form factors fV,S(t) in Eq. (3) belong respectively
to the (orthogonal) l = 1 and l = 0 angular momentum configurations of the Kπ
system, the fSfV term in the squared amplitude vanish upon the integration over
the variable u = (p− p′)2, therefore the CP-violating terms vanish in the integrated
rate Γ and in the hadronic spectrum dΓ/dt. Thus, within the SM CP violating
effects in this three-body channel can manifest only in the double differential decay
distribution where the interference of fV and fS is present (see ref. [3]).
A different mechanism to generate a CP rate asymmetry in the SM for τ± →
K±π0ντ was considered in [6]. In this case the two amplitudes with different weak
and strong phases contribute to the same l = 1 angular momentum configuration.
This asymmetry turns out to be negligibly small since it is suppressed by the CKM
factor Vtd ≃ 10−3 and also by a higher order suppresion factor g2/4πM2W ≃ 10−8.
Thus, the resulting CP rate asymmetry is expected to be negligible, as confirmed in
Ref.[6]. Therefore, this decay can be suitable to search for the effects of CP violation
induced by New Physics.
The minimal extension of the SM with right handed neutrinos νSM, where non
vanishing neutrino masses can be obtained, allows for a new source of the CP
violation through the UMNS mixing matrix. In this scenario, the amplitude of the
decay τ− → K−π0ντ will be given by
AνSM(τ− → K−π0ντ ) = (U∗MNS)33|ASM| eiδSM . (7)
It is remarkable that, although the amplitude AνSM has a weak CP violating phase,
the CP asymmetry still vanishes. Therefore, any measurement of a non-vanishing
CP asymmetry will be a hint for a new physics beyond the SM. In the rest of the
paper we will focus on the NP contributions to CP violation in the three-body decay
induced by SUSY.
3 SUSY contributions to |∆S| = 1 τ decays
The effective Hamiltonian Heff derived from SUSY can be expressed as
Heff =
GF√
2
Vus
∑
i
Ci(µ)Qi(µ), (8)
where Ci are the Wilson coefficients and Qi are the relevant local operators at low
energy scale µ ≃ mτ . The operators are given by
Q1 = (ν¯γ
µLτ)(s¯γµLu), (9)
Q2 = (ν¯γµLτ)(s¯γµRu), (10)
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Q3 = (ν¯Rτ)(s¯Lu), (11)
Q4 = (ν¯Rτ)(s¯Ru), (12)
Q5 = (ν¯σµνRτ)(s¯σ
µνRu). (13)
where L,R are as defined in the previous section and σµν = i2 [γ
µ, γν ]. The Wilson
coefficients Ci, at the electroweak scale, can be expressed as Ci = C
SM
i + C
SUSY
i
where CSMi are given by
CSM1 = 1,
CSM2,3,4,5 = 0. (14)
SUSY contributions to the Hamiltonian of τ− → u¯sντ transitions can be generated
through two topological box diagrams as shown in Figs. (2,3). Other SUSY contri-
butions (vertex corrections) are suppressed either due to small Yukawa couplings of
light quarks or because they have the same structure as the SM in the hadronic ver-
tex. In our computations of Wilson coefficients, we will work in the mass insertion
τ
χ˜0j
χ˜+k
l˜a d˜i
χ˜0j
s
νb u νb u
sτ
u˜i
χ˜−k
ν˜a
Figure 2: SUSY box contributions to τ− → u¯sντ transition.
approximation (MIA), where gluino and neutralino are flavor diagonal. Denoting by
(∆fAB)ab the off-diagonal terms in the sfermion mass matrices where A,B indicate
chirality, A,B = (L,R), the A−B sfermion propagator can be expanded as
〈f˜aAf˜ b∗B 〉 = i(k2I − m˜2I −∆fAB))−1ab ≃
iδab
k2 − m˜2 +
i(∆fAB)ab
(k2 − m˜2)2 +O(∆
2), (15)
where f˜ denotes any scalar fermion, a, b = (1, 2, 3) are flavor indices, I is the unit
matrix, and m˜ is the average sfermion mass. It is convenient to define a dimension-
less quantity (δfAB)ab ≡ (∆fAB)ab/m˜2. As long as (∆fAB)ab is smaller than m˜2 we can
consider only the first order term in (δfAB)ab of the sfermion propagator expansion.
In our analysis we will keep only terms proportional to the third generation Yukawa
couplings and terms of order λ where λ = Vus.
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Figure 3: Crossed diagrams of Figure 2.
The complete expressions for the Wilson coefficients Ci at mW scale induced by
SUSY computed from Figs. (2,3) can be found in the Appendix. As can be seen from
this appendix, the Ci are given in terms of several mass insertions that represent
the flavor transitions between different generations of quarks or leptons. In general,
these mass insertions are complex and of order one. However, the experimental
limits of several flavor changing neutral currents impose severe constraints on most of
these mass insertions. In the following, we summarize all the important constraints
on the relevant mass insertions for our process.
1. From the experimental measurements of BR(µ → eγ) < 1.2 × 10−11, the
following bounds on |(δl12)AB | and |(δν12)AB | are obtained [10]: For M1 ∼M2 =
100 GeV and µ = m˜l = 200 GeV,
|(δl12)LL| <∼ 10−3, |(δl12)LR| <∼ 10−6, (16)
|(δν12)LL| <∼ 6× 10−4, |(δν13)LL| <∼ 4× 10−4, |(δν23)LL| <∼ 7× 10−4. (17)
2. From BR(τ → µγ) < 1.1×10−6, one gets the following constraint on |(δl23)LR)|
[13]:
|(δl23)LR| <∼ 2× 10−2, (18)
and from BR(τ → eγ) < 2.7× 10−6, one finds [13]:
|(δl13)LR| <∼ 1× 10−1. (19)
3. The mass insertions (δd12)AB are constrained by the ∆MK and ǫK as follows
[13]:
|(δd12)LL| <∼ 4× 10−2, |(δd12)LR| <∼ 4× 10−3, (20)√
|Im [(δd12)LL]2 | <∼ 3× 10−3, √|Im [(δd12)LR]2 | <∼ 3× 10−4. (21)
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4. The mass insertion (δu12)AB are constrained by the ∆MD as follows [14]:
|(δu12)LL| <∼ 1.7× 10−2, |(δu12)LR| <∼ 2.4 × 10−2. (22)
Here, three comments are in order. i) Due to the Hermiticity of the LL sector
in the sfermion mass matrix, (δfAB)LL = (δ
f
AB)
†
LL = (δ
f
BA)
∗
LL, where A,B = 1, 2, 3.
ii) The above constraints imposed on the mass insertions (δq,lAB)LL,LR are derived
from supersymmetric contributions through exchange of gluino or neutralino which
preserves chirality, therefore same constraints are also imposed on the mass inser-
tions (δq,lAB)RR,RL. iii) The mass insertions (δ
f
AB)LR(RL) are not, in general, related
to the mass insertions (δfBA)LR(RL). Taking the above constraints into account, one
finds that the dominant contribution to the τ− → us¯ντ is given in terms of (δν32)LR,
(δν32)RL, (δ
d
21)RL and (δ
u
21)LR. Notice that the effective Hamiltonian (eq. 8) derived
in this section can induce supersymmetric effects in all the |∆S| = 1 exclusive τ
lepton decay. In the following section we consider two examples.
4 Constraints from two-body τ-decays
In this section we analyze the possible constraints that may be imposed on the
SUSY contributions to τ → s¯ u ντ from the exclusive |∆S| = 1 decay: τ−(p) →
K−(q) ντ (p
′). The decay amplitude considering effects of SUSY contributions reads:
A(τ− → K−ντ ) = ASM +ASUSY , (23)
which can be written explicitly as:
A(τ− → K−ντ ) = iGF√
2
VusfK mτ (ν¯(p
′)Rτ(p)) {1 + δSUSY (τ)} . (24)
The decay K− → µ−ν, which fixes fK in the absence of new physics, would also be
modified by the effects of new physics:
A(K− → µ−ν) = iGF√
2
VusfKmµ (ν¯(p
′)Rµ(p)) {1 + δSUSY (K)} . (25)
In order to estimate the size of SUSY contributions in such decays, one defines the
ratio:
Rτ/K =
Γ(τ → Kντ(γ))
Γ(K → µν(γ))
=
m3τ
2mKm2µ
.
(
1− m
2
K
m2τ
)2
(
1− m
2
µ
m2K
)2 .(1 + δRτ/K) [1 + 2Re(δSUSY (τ)− δSUSY (K))] .
In the above equation (γ) means that complete SM radiative corrections of O(α)
have been included. The long-distance radiative corrections, which do not cancel
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in the above ratio, were computed in [9] and reads δRτ/K = (0.90
+0.17
−0.26)% . Using
the experimental rates for the involved decays: Γ(τ → Kν) = (2.36 ± 0.08) ×
1010s−1,Γ(K → µν) = (0.5118 ± 0.0018) × 108s−1 [8] into eq. (21) we get:
Re[δSUSY (K)− δSUSY (τ)] = 0.02± 0.03. (26)
This equation is actually a model-independent result. Using the expression for the
Wilson coefficient induced by SUSY, it is easy to see that the dominant contribution
to Re(δSUSY (τ)−δSUSY (K)) comes from CSUSY1 . In terms of the SUSY parameters,
it can be translated as follows
Re[δSUSY (K)− δSUSY (τ)] ≃ Re[CSUSY1 (K)− CSUSY1 (τ)] (27)
where CSUSY1 (K, τ) are respectively the Wilson coefficients corresponding to the
operators responsible of K → µνµ and τ → Kπντ . Using as input parameters
M1 = 100, M2 = 200 GeV and µ =Mq˜ = 400 GeV and tan β ≃ 20, one gets
Re[CSUSY1 (K)− CSUSY1 (τ)] ≃ −0.03(δu21)LL − 0.006(δl23)LL (28)
where we keep the dominant contributions only. Using the bounds on the δ’s given
in previous section, the terms which is mostly unconstraint is (δl23)LL. It is clear
that still we are far from the experimental limit given in (26) but it is important to
notice that experimental data should strongly improve in a close future[12] .
5 SUSY contribution to CP asymmetry in τ → Kpiντ
Having analyzed the constraints from two-body τ -decays imposed on the supersym-
metric contributions to τ → s¯ u ντ transition, now we can study the supersymmetric
effects on the CP violation in the three-body decay τ → Kπντ . We will show that
although supersymmetry enhances the asymmetry of this process by many order of
magnitude than the SM expectation, the resulting CP asymmetries are still smaller
than the current experimental reaches.
Given the spin-parity properties of the Kπ system, we can write the total am-
plitude (SM and SUSY) of the τ(p)→ K(q)π(q′)ντ (p′) decay as
AT (τ → Kπν) = GFVus√
2
[
(1 + C1)〈Kπ|s¯γµu|0〉ν¯(p′)γµLτ(p) (29)
+ (C3 + C4)〈Kπ|s¯u|0〉ν¯(p′)Rτ(p) + C5〈Kπ|s¯σµυu|0〉ν¯(p′)σµυRτ(p)
]
,
where Ci stand for C
SUSY
i , since the C
SM
i are explicitly included . It is now clear
that the resulting CP asymmetry depends on the relative ratio among the SUSY
Wilson coefficients. For example, in case that C1 is giving the dominant SUSY con-
tribution and C3,4,5 effects can be negligible, then the CP asymmetry of τ → Kπντ
will vanish identically as in the SM. We consider the following two interesting sce-
narios:
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i) The case of C3 or C4 gives relevant contributions while C5 is negligible. In
this case, SUSY induces a relative weak phase between the vector and scalar form
factors describing this process.
ii) The case of C5 gives relevant contributions while C3,4 are negligible. In this
case, SUSY induces a relative weak phase between the vector and tensor form fac-
tors.
Let us start by analyzing the CP asymmetry in the first scenario. Using the
definition of the hadronic matrix element introduced in Eq.(3):
〈Kπ|s¯γµu|0〉 = CK{fV (t)Qµ + fS(t)(q + q′)µ} , (30)
we can obtain the hadronic matrix element of the scalar current by taking the
divergence in the usual form:
〈Kπ|s¯u|0〉 = CKt
ms −mu fS(t) , (31)
where ms,u denote s, u current quark masses. Thus, we finally get the amplitude:
AT (τ → Kπν) = CKGFVus√
2
(1 + C1)×{
fVQ
µu¯(p′)γµLu(p) +
[
mτ +
(
C3 + C4
1 + C1
)
t
ms −mu
]
fSu¯(p
′)Ru(p)
}
.
It is remarkable that in this case, SUSY effects just modify the normalization of the
SM amplitude and the relative size of the vector and scalar contributions.
When we compare this expression with the decay amplitude given in Eq. (2) of
Ref. [3]:
A(τ− → Kπντ ) ∼ u¯(p′)γµLu(p)fVQµ +Λu¯(p′)Ru(p)fSM , (32)
where M = 1 GeV is a normalization mass scale, we obtain the relation
ΛM = mτ +
(
C3 + C4
1 + C1
)
t
ms −mu . (33)
The first term in the r.h.s of this equation is the usual contribution of the SM,
which is real, and the second term arises from the SUSY contributions and contains
a CP-violating phase, hence it can generate a non-vanishing CP asymmetry.
The square of the matrix element becomes:∑
pols
|A|2 ∼ |fV |2(2p.Qp′.Q− p.p′Q2) + |Λ|2|fS(t)|2M2p.p′
+2ReΛ · Re(fSf∗V )Mmτp′.Q− 2ImΛ · Im(fSf∗V )Mmτp′.Q (34)
The last term in the previous equation is odd under a CP transformation but we
should notice that the last two terms disappear once we integrate on the kinematical
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variable u of the process in consideration. This means that it is not possible to
generate a CP asymmetry in total decay rates corresponding to this process. So
the only way to generate a CP asymmetry is to look for the double differential
distribution (d2Γ/dudt) or a variant of it as CLEO collaboration did in Ref.[3]. The
CLEO collaboration has recently studied the ratio of CP-odd to CP-even terms of
this squared amplitude for τ± → KSπ±ντ decays and has obtained the following
bound: −0.172 < Im(Λ) < 0.067 at 90% C.L. Using Eq.(33), we can translate this
bound into:
−0.010 ≤ Im
(
C3 + C4
1 + C1
)
≤ 0.004 , (35)
where we have usedms−mu = 100 MeV, and the average value 〈t〉 ≈ (1332.8 MeV)2.
Now, as input parameters M1 = 100 and M2 = 200 GeV and µ = Mq˜ = 400 GeV
and tan β = 20, one gets
Im
(
C3 + C4
1 + C1
)
≃ 1.3 × 10−5Im(δd21)RL (36)
Still the experimental bound is too loose to give us information on (δd21)RL. Notice
however that forthcoming measurements of the CP asymmetry in the KSπ channel
will be significantly improved at B factories [12] since their data sample is larger by
two order of magnitude than the one used by CLEO [3] in their analysis.
Now, we turn to take into consideration the O5 operator which is naturally in-
duced by SUSY corrections to Wilson coefficients. This operator could interfere with
O1 operator which contains SM contributions and the strong phases. So in princi-
ple, using this interference between O5 and O1, it should be possible to generate a
CP asymmetry directly in the total decay rate which is completely forbidden in SM.
Let us keep the dominant contribution to τ− → (Kπ)−ντ and the O5 contribution:
AT (τ → Kπν) = GFVus√
2
(1 + C1)
{
fV (t)Qµu¯(p
′)γµLu(p)
+
C5
1 + C1
〈Kπ|s¯σµυu|0〉u¯(p′)σµυRu(p)
}
(37)
In this expression, we have neglected fS effect since its contribution to total decay
rate is numerically small (around 3% at most, see[7]) and conserves CP. The most
general form of the antisymmetric matrix element of the hadronic tensor current is
given by
〈Kπ|s¯σµυu|0〉 = ia
mK
[(ppi)
µ(pK)
ν − (ppi)ν(pK)µ] (38)
where a is a dimensionless quantity which fixes the scale of the hadronic matrix
element. It is important to remember that fV (t) contains the strong phases as it
can be parametrized[7]:
fV (t) =
fV (0)m
2
K∗
m2K∗ − t− imK∗ΓK∗
(39)
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The tensor form factor which is given by
fT =
aC5
1 + C1
(40)
has no strong phases but of course could have a weak phase (arises either from C1
or C5) and it can be at most a slightly varying function of t. So, one can compute
now the CP asymmetry in total decay rate:
aCP =
Γ(τ− → K−π0ντ )− Γ(τ+ → K+π0ντ )
Γ(τ− → K−π0ντ ) + Γ(τ+ → K+π0ντ ) (41)
=
a
ΓSM
ImC5
−G2F |Vus|2
128π3m2τmK
∫ m2τ
(mK+mpi)2
dt
(m2τ − t)
t2
Im (fV (t))λ
1/2
×
{
m2pi(t+∆
2)2 +m2τλ+
[
(t−m2pi)2 −m2K(t+m2pi)
]
(t−∆2)
}
(42)
where λ, ∆ and ΓSM are given in section 2. Integrating numerically on t, one gets
aCP ≃ a
2
Im C5 (43)
≃ 1.4× 10−7a Im(δu21)LR (44)
where to get the last equation, we use the same SUSY parameters as before. Again
within SUSY extensions of the SM, this CP asymmetry is small (even if it is practi-
cally five orders of magnitude bigger than the one expected in SM[6]) . Clearly the
observation of a CP asymmetry in this channel at a range bigger than 10−6 will be
not only a clear evidence of Physics beyond Standard Model but also an evidence
we need Physics beyond Supersymmetric extensions of Standard Model.
6 Conclusion
In summary, in this paper we have computed the effective hamiltonian derived from
SUSY for |∆S| = 1 tau lepton decays using the mass insertion approximation. Al-
though experimental data for such decays are not precise enough at present to give
constraints on the fundamental parameters of SUSY, we have shown how physics
beyond standard model as supersymmetrix extensions of the SM could induce CP
violating asymmetry in the double differential distribution as CLEO collaboration
did in ref.[3] and could also induce CP asymmetry in total decay rate due to inter-
ference between O5 and O1 operators. We have argued that any CP asymmetry in
the channel under consideration bigger than 10−6 will be a clear evidence of not only
Physics beyond Standard Model but also an evidence of Physics beyond SUSY ex-
tensions of the SM. We also provided model-independent constraint on New Physics
contribution to τ → Kν. In particular, it is interesting to observe that SUSY can
provide a specific mechanism to generate a CP-violating term in the probability
distribution of τ → Kπντ decays. Forthcoming and more precise data for observ-
ables of the exclusive processes considered in this paper will either provide better
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constraints on SUSY parameters or give a mechanism to explain discrepancies with
the SM if they are observed.
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8 Appendix
SUSY contributions to Wilson coefficients of τ− → su¯ντ
Here we provide the complete expressions for the supersymmeric contributions, at
leading order in MIA, for the Wilson coefficients of τ− → su¯ντ transition, Ci(MW ),
i = 1, .., 5. As mentioned in section 3, the dominant SUSY contributions are given
by chargino-neutralino box diagram exchanges, as illustrated in Fig. 2.
The effective Hamiltonian Heff derived from SUSY can be expressed as
Heff =
GF√
2
Vus
∑
i
Ci(µ)Qi(µ), (45)
=
∑
i
C˜i(µ)Qi(µ), (46)
where Ci are the dimensionless Wilson coefficients and Qi are the relevant local
operators at low energy scale µ ≃ mτ . The operators are given by
Q1 = (ν¯γ
µLτ)(s¯γµLu), (47)
Q2 = (ν¯γµLτ)(s¯γµRu), (48)
Q3 = (ν¯Rτ)(s¯Lu), (49)
Q4 = (ν¯Rτ)(s¯Ru), (50)
Q5 = (ν¯σµνRτ)(s¯σ
µνRu). (51)
In terms of the vertex, one can write the complete vertex as a product of the
vertex coming from leptonic sector and of the vertex coming from hadronic sector.
In this respect we can also write the Wilson coefficients as
C˜i = C
l
i(τ−χ−)
(
Cqi(τ−χ−−s) + C
q
i((τ−χ−−u)
)
+C li(τ−χ0)
(
Cqi(τ−χ0−s) + C
q
i((τ−χ0−u)
)
12
where the C li is due to the leptonic vertex and C
q
i is from the quark sectors. If we
expand C l,qi in terms of the mass insertions, one finds that the leading contributions
are given by
C˜1 = C
l(0)
1(τ−χ−)
(
C
q(0)
1(τ−χ−−s)I˜(xi, xj) + C
q(0)
1((τ−χ−−u)I(xi, xj)
)
+ C
l(0)
1(τ−χ0)
(
C
q(0)
1(τ−χ0−s)I(xi, xj) + C
q(0)
1(τ−χ0−u)I˜(xi, xj)
)
+ C
l(0)
1(τ−χ−)
(
C
q(1)
1(τ−χ−−s)I˜n(xi, xj) + C
q(1)
1(τ−χ−−u)In(xi, xj)
)
+ C
l(0)
1(τ−χ0)
(
C
q(1)
1(τ−χ0−s)In(xi, xj) + C
q(1)
1(τ−χ0−u)I˜n(xi, xj
)
+ C
l(1)
1(τ−χ−)
(
C
q(0)
1(τ−χ−−s)I˜n(xi, xj) + C
q(0)
1(τ−χ−−u)In(xi, xj)
)
+ C
l(1)
1(τ−χ0)
(
C
q(0)
1(τ−χ0−s)In(xi, xj) + C
q(0)
1(τ−χ0−u)I˜n(xi, xj)
)
(52)
+ O(δ2).
With
C
l(0)
1(τ−χ0) =
−g2√
2
(N∗i2 + tan θwN
∗
i1)U
∗
j1(U
∗
MNS)33 − y2τN∗i3U∗j2(U∗MNS)33, (53)
C
q(0)
1(τ−χ0−u) = (
1
8
)
g2√
2
(N∗i2 +
1
3
tan θwN
∗
i1)(V
∗
CKM )12Vj1, (54)
C
q(0)
1(τ−χ0−s) = (
1
16
)
−g2√
2
(
Ni2 − 1
3
tan θwNi1
)
U∗j1(V
∗
CKM )12, (55)
C
l(1)
1(τ−χ0) = −
g2√
2
(N∗i2 + tan θwN
∗
i1)U
∗
j1(U
∗
MNS)a3(δ
l
LL)a3 (56)
+
g√
2
(N∗i2 + tan θwN
∗
i1)U
∗
j2(U
∗
MNS)33(he)33(δ
l
RL)33
+g(he)33N
∗
i3U
∗
j1(δ
l
LR)a3(U
∗
MNS)a3
−(he)233N∗i3U∗j2(δlRR)33(U∗MNS)33,
and
C
q(1)
1(τ−χ0−s) = (
1
16
)
(
−g2√
2
(
Ni2 − 1
3
tan θwNi1
)
U∗j1(V
∗
CKM)1a(δ
d
LL)2a
+
g√
2
(
Ni2 − 1
3
tan θwNi1
)
U∗j2(V
∗
CKM )13(hd)33(δ
d
LR)23
)
, (57)
C
q(1)
1(τ−χ0−u) = (
1
8
)
(
g2√
2
(N∗i2 +
1
3
tan θWN
∗
i1)(V
∗
CKM )a2(δ
u
LL)a1Vj1
− g√
2
(N∗i2 +
1
3
tan θWN
∗
i1)(hu)33Vj2(V
∗
CKM)32(δ
u
RL)31
)
. (58)
C
l(0)
1(τ−χ−) =
g2√
2
V ∗j1(U
∗
MNS)33(Ni2 − tan θwNi1)− (hν)233V ∗j2(U∗MNS)33Ni4, (59)
13
C
q(0)
1(τ−χ−−u) = (
1
16
)
(
g2√
2
Vj1(N
∗
i2 +
1
3
tan θwN
∗
i1)(V
∗
CKM)12
)
, (60)
C
q(0)
1((τ−χ−−s) = (
1
8
)
(
− g
2
√
2
(Ni2 − 1
3
tan θwNi1)(V
∗
CKM )12U
∗
j1
)
, (61)
C
l(1)
1(τ−χ−) =
g2√
2
V ∗j1(U
∗
MNS)3a(Ni2 − tan θwNi1)(δνLL)3a
+gV ∗j1(hν)33Ni4(δ
ν
RL)3a(U
∗
MNS)3a
− g√
2
(Ni2 − tan θwNi1)V ∗j2(hν)aa(U∗MNS)3a(δνLR)3a
−(hν)33Ni4V ∗j2(hν)aa(δνRR)3a(U∗MNS)3a. (62)
In case of decoupling of the sneutrino-right, the last terms are strongly suppressed.
C
q(1)
1(τ−χ−−u) = (
1
16
)
(
g2√
2
Vj1(N
∗
i2 +
1
3
tan θwN
∗
i1)(V
∗
CKM )a2(δ
u
LL)a1
− g√
2
(hu)33Vj2(V
∗
CKM )32(δ
u
RL)31(N
∗
i2 +
1
3
tan θwN
∗
i1)
)
(63)
C
q(1)
1(τ−χ−−s) = (
1
8
)
(
− g
2
√
2
(Ni2 − 1
3
tan θwNi1)(V
∗
CKM )1aU
∗
j1(δ
d
LL)2a
+
g√
2
(Ni2 − 1
3
tan θwNi1)(V
∗
CKM )13U
∗
j2(hd)33(δ
d
LR)23
)
. (64)
The contribution to C2 is found to vanish identically, i.e.,
C˜2 = 0, (65)
C˜3 = C
l(0)
3(τ−χ−)C
q(1)
3(τ−χ−−s)In(xi, xj) + C
l(0)
3(τ−χ0)C
q(1)
3(τ−χ0−s)In(xi, xj)
+O(δ2), (66)
where In(xi, xj) is defined below and xi = m
2
χ±
i
/m˜2 and xj = m
2
χ0
j
/m˜2.
C
l(0)
3(τ−χ0) = g(he)33Ni3U
∗
j1(U
∗
MNS)33 (67)
−g
√
2 tan θwNi1U
∗
j2(he)33(U
∗
MNS)33, (68)
C
l(0)
3(τ−χ−) = −(he)33
g√
2
(Ni2 − tan θwNi1)Uj2(U∗MNS)33, (69)
C
q(1)
3(τ−χ−−s) = (−
1
8
)
(
g2√
2
2
3
tan θwN
∗
i1U
∗
j1(V
∗
CKM )1a(δ
d
RL)2a
− g√
2
2
3
tan θwN
∗
i1U
∗
j2(hd)33(V
∗
CKM)13(δ
d
RR)23
)
, (70)
14
C
q(1)
3(τ−χ0−s) = (−
1
8
)
(
2
3
g2√
2
tan θwU
∗
j1N
∗
i1(V
∗
CKM)1a(δ
d
RL)2a
−2
3
g√
2
tan θwU
∗
j2N
∗
i1(V
∗
CKM)13(δ
d
RR)23(hd)33
)
. (71)
C˜4 = C
l(0)
4(τ−χ−)C
q(1)
4(τ−χ−−u)I˜n(xi, xj) + C
l(0)
4(τ−χ0)C
q(1)
4((τ−χ0−u)I˜n(xi, xj) +O(δ
2), (72)
where I˜n(xi, xj) is given below.
C
l(0)
4(τ−χ−) = −(he)33
g√
2
(Ni2 − tan θwNi1)Uj2(U∗MNS)33
= C
l(0)
3(τ−χ−), (73)
C
l(0)
4(τ−χ0) = g(he)33Ni3U
∗
j1(U
∗
MNS)33
−g
√
2 tan θwNi1U
∗
j2(he)33(U
∗
MNS)33, (74)
C
q(1)
4(τ−χ0−u) = (−
1
8
)
(
−4
3
g2√
2
tan θwNi1Vj1(V
∗
CKM)a2(δ
u
LR)a1
+
4
3
g√
2
tan θwNi1Vj2(hu)33(V
∗
CKM)32(δ
u
RR)31
)
, (75)
C
q(1)
4(τ−χ−−u) = (−
1
8
)
(
−4
3
g2√
2
tan θwVj1Ni1(V
∗
CKM )a2(δ
u
LR)a1
+
4
3
g√
2
tan θwVj2Ni1(hu)33(V
∗
CKM )32(δ
u
RR)31
)
. (76)
C˜5(τ−χ0−u) = −
1
4
C˜4(τ−χ0−u), (77)
C˜5(τ−χ−−u) =
1
4
C˜4(τ−χ−−u). (78)
The loop integrals In(xi, xj) and I˜n(xi, xj) are defined as follows:
I(xi, xj) =
1
16π2m˜2
(
1
xi − xj
)(
x2i − xi − x2i logxi
(1− xi)2 − (xi ↔ xj)
)
,
I˜(xi, xj) =
√
xixj
16π2m˜2
(
1
xi − xj
)(
x2i − xi − xilogxi
(1− xi)2 − (xi ↔ xj)
)
,
15
In(xi, xj) =
1
32π2m˜2
(
1
xi − xj
)(
2x2i − 2xi − 2xilogxi
(xi − 1)2 −
x3i − 4x2i + 3xi + 2xilogxi
(xi − 1)3
− (xi ↔ xj)) ,
I˜n(xi, xj) =
−√xixj
32π2m˜2
(
1
xi − xj
)(
x3i − 4x2i + 3xi + 2xilogxi
(xi − 1)3 − (xi ↔ xj)
)
. (79)
References
[1] For a recent review see: M. Davier, A. Hocker and Z. Zhang, arXiv:hep-
ph/0507078.
[2] E. Gamiz, M. Jamin, A. Pich, J. Prades and F. Schwab, Phys. Rev. Lett. 94,
011803 (2005) [arXiv:hep-ph/0408044].
[3] G. Bonvicini et al. [CLEO Collaboration], Phys. Rev. Lett. 88, 111803 (2002)
[arXiv:hep-ex/0111095].
[4] J. H. Kuhn and E. Mirkes, Phys. Lett. B 398, 407 (1997) [arXiv:hep-
ph/9609502]; Y. S. Tsai, Nucl. Phys. Proc. Suppl. 55C, 293 (1997) [arXiv:hep-
ph/9612281].
[5] I. I. Bigi and A. I. Sanda, Phys. Lett. B 625, 47 (2005) [arXiv:hep-ph/0506037].
[6] D. Delepine, G. Lopez Castro and L. T. Lopez Lozano, Phys. Rev. D 72, 033009
(2005).
[7] J. J. Godina Nava and G. Lopez Castro, Phys. Rev. D 52, 2850 (1995)
[arXiv:hep-ph/9506330].
[8] S. Eidelman et al. [Particle Data Group], Phys. Lett. B 592, 1 (2004).
[9] R. Decker and M. Finkemeier, Nucl. Phys. B 438, 17 (1995) [arXiv:hep-
ph/9403385].
[10] G. C. Branco, D. Delepine and S. Khalil, Phys. Lett. B 567 (2003) 207
[arXiv:hep-ph/0304164].
[11] M. Finkemeier and E. Mirkes, Z. Phys. C 72 (1996) 619 [arXiv:hep-
ph/9601275].
[12] O. Igonkina, arXiv:hep-ex/0606009.
[13] F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl. Phys. B 477
(1996) 321.
[14] S. Khalil, arXiv:hep-ph/0604118.
16
